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　Abstract : Distribution of vitamin B|2, thiamine, and biotin in the water and sediments
ofHiuchi-NadaSea were determined by microbiological assay methods. Also some environ-
mental factors were measured and their relation to vitamin distribution were studied｡
　It was found that ＣＯｎとentrationsof dissolved vitamins in the water were considerably
high: 0.68-15.28 ng/l for vitamin B,2, 0- 730 ng ／l for thiamine, and 0.2-34.7 ngXl
for biotin. Content of particulate vitamin Ｂ１２　wasalso high but that of thiamine and
biotin were low compared with the contents in the water. In bottom sediments in Hiuchi-
Nada Sea, each vitamin accumulated abundantly: 8.85-124 ng/g wet wt. for vitamin Bl2,
0-379 ng／ｇ wet wt. for thiamine, and 1.1-4.4 ng/& wet wt. for biotin｡
　The concentration of dissolved vitamin Ｂ１２required by many red tide flagellates did not
reach to the level that maximizes their growth at any time during the year. Low content
of dissolved vitamin Ｂ,2in the water could limit their growth in Hiuchi-Nada Sea.
Introduction
　Many species of marine phytoplankton require Ｂ group vitamins for growth: most corriT
monly vitamin B|2, thiamine, and biotin alone or in various combinations. The incidence
of auxotrophy is known to be high in members O仁Euglenophyceae, Cryptophyceae, Di-
nophyceae, and Crysophyceae, including　important　red　tide　oｒganiSmS.l－5）Therefo｀ｒeJ
it is suggested that essential vitamins in seawater　not only could exert　ａ　controlling
influence on seasonal variation and/or species composition of phytoplankton communities
but also could affect the initiation of red tideS.6－８）
　Hiuchi-Nada Sea is polluted by the inflowing of domestic and industrial waste waters,
and red tides have frequently occurred in the district during the warm seasons for several
years｡
　The present paper describes the occurrence and distribution　of vitamin Bi2, thiamine,
and biotin in the water and sediments of Hiuchi-Nada Sea.
Materials and Methods
Water region investigated　Hiuchi-Nada Sea is located in central part of Seto Inland
Sea in Japan.　The sea has an area of 1,300 km2, ａ mean depth of 17.8 m， and ａ vlume
of 23.2 kmJ . Its topography is enclosed as illustrated　in　Fig. 1；　only　the north part
opens to　Bingo-Nada Sea. The　tide　in　the area　is　affected　by　the　two　tidal　waves
from　the　Pacific　Ocean, through　the　Kii　Channel　and　the　Bungo　Strait　far　away
from the area. Therefore, the pattern　of tidal currents in the sea is complicated and
the current velocity is generally sIoｗ.９）
58 高知大学学術研究報告　第34巻　(1985)農　学
Kan―onii
Fig. 1.　Location of sampling stationsin Hiuchi-Nada Sea.
　Ａ　large amount of industrial and domestic （!rainage is being discharged into the sea :
from the petrochemical plants and the teχtile industry into the western part, and from
the paper and pulp industry into the eastern part･
Collection of samples　Samples were collected at stations shown in Fig. 1 ０ｎ August,
8,1973, December　23,1973, August　28,1975, and　November　28,1975. The　water　samples
for determination of inorganic nutrients, chemical ｏχygen demand (COD), and the　dis-
solved　B　group　vitamins　were　immediately　filtered　through　a　HA　Millipore　filter
(pore size : 0.45μｍ）ａｎｄ the filtrate was kept frozen in acid-cleaned bottles until　the
time of analysis. Particulate matter･ collected on ･the filter was used　for　the determi-
nation of the particulate Ｂ group vitamins. The sediment samples were also kept frozen
until the time of analysis.
Vitamin assays　The amounts of the B group vitamins in water and sediments were de-
termined by microbiological assay methods. Vitamin !312 was assayed with Eｕｇｌｅ　ｎａｅｒａ-
Ｃ函S strain z'°', thiamine with Cryptococcus ａＺ恒血s (Saito) Skinner川, and biotin with
Achｒｏｎｘｏｂａｃtｅｒsp.strain yＨ-5112）｡
　Dissolved vitamins in the water were determineci for "the filtrate, and particulate vita-
mins for the extract from materials left on the filter. Particulate materials for the
vitamin Ｂ１２assay were ｅχtracted at 100°Ｃ for 30 minutes in 0.15% potassium cyanide
solution'-'", those for the thiamine assay were hydrolyzed at pH 4.5 for 12 hours by Ta-
kasiastase after extraction at 100 °Ｃ for 30 minutes in 0:1 N hydrochloric acid solu-
tion 7），ａｎｄthose for the biotin assay were ,ｅχtracted at ]20°C for　30 minutes　in　j　N
sulfuric acid solution.''
　The sediment samples for the vitamin B12 assay were extracted at ]00°C for 30 minutes
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in 0.15% potassium cyanide solution '･■",those for the thiamine assay at　100℃　for 30
minutes in 0.2 N sulfuric acid solution l･･），ａｎｄthose for the biotin assay at　120℃　for
30 minutes in 0.2 N sulfuric acid solution.'"　　　　　　　　。
　All glassware　used　for vitamin assays was む!eaned in chromic-sul furic acid　solution,
rinsed with distilled water, and then baked at 20CfC for three hours.
Enumeration of aerobic heterotrophs　The number of aerobic total heterotrophic bacteria
was estimated by the most probable number （ＭＰＮ）ｍｅthod or spread plate counting method
in　terms　of colony　forming　units (CFU) using　modified　ZoBell's　2216E　mediｕｍ.15）
Media inoculated were incubated at 22℃for two weeks, aud then MPN/mi or CFU/
ml was determined.　　　　　　　　　　　　　　‘
Measurement of other chemical　properties　Chlorinity　was　measured　by　ａ　salinometer
model MC5/2 (E. S. LTD). Dissolved oxygen (DO ) was determined by　the azide
modification of Winkler's method."" Chemical ｏχygen demand （ＣＯＤ）ｗａs estimated from
the amount of potassium permanganate consumed by the alkaline reaction."" Ammonium
nitrogen was determined by the indophenol method,'^* nitrite nitrogen by the GR ｍｅthod,17）
nitrate nitrogen by the cadmium-copper reduction ｍｅthod,17）phosphate phosphorous by the
heteropoly blue ｍｅthod,17）and sulfide sulphur by the methylene blue reaction ｌｍｅthod.18）
Dissolved　inorganic　nitrogen (DIN ) represents　the sum　of　ammonium, nitrate, and
nitrite nitrogen.　　　　　　　　　　　　　　　　‘
Results
　Distribution of the B group vitamins in the water and the other chemical and physical
properties of the water are shown in Table　ｌ(in 1973) and Table　2 and　3（in　1975).
Mean concentrations　of each　vitamin and ･its 95％　confidence intervals　are　given　in
Table 4 (in 1973) and Table 5 (in 1975).
Water quality　Transparency, of the water was generally below 6.０ｍ except at the･offshore
stations. Especially at the inshore stations it　was　low　because　of　suspended　matter
from industrial wastes.
　Stratification of water formed in summer ;，dissolved ｏχygen　was hypersaturated near
the surface but was far from saturation near the bottom. DIN levels were generally
low, ranging from 0.031 t0 0.084 mg／l with ａ mean of 0.056 mg/l. The content of
P043一一Ｐranged from　14.1 t0 42.6　μg/l (mean:　25.1　μ,ｇ／l）.ＣＯＤ values ranged
from 0.52 t0 2.61 mg／□mean:　1.35 mg／l). Total heterotrophic bacteria ranged from
103　to　１０５　MPN／ ml or　CFU ／ ml.
Vitamins in water　Concentration of dissolved vitamin B|2 ranged　from 0.68 t0　15.28
ng／l, but it was ordinarily below 8.52 ng／l　ｅxcept for unusually high concentration
(15.28 ng/l) at St. 24 in December, 1975｡The difference between dissolved　vitamin
B,　content in summer and winter was not significant,and the mean value was 3.72 ng/l
from all available data. Concentration of dissolved thiamine ranged from ｏ t0 730 ng/l
　　　　　　　　　　　　　　　　　　　　　　　　　　　?　l　　　　i.(mean: 145 ng/l) and that of biotin ranged from ０.2 t0 34.7 ng/i (mean:　10.3 ｎｇ／l）｡
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The seasonal and regional variation of thiamine content was similar to that of biotin:
both vitamins were more abundant in summer than in winter, more･abundant in the inshore
than in the offshore stations, and more abundant it the surface water than in the bottom
water.
　Content of particulate vitamin Ｂ１２in the water ranged from 0.61 t0 8.!3 ng/i (mean:
3.43 ng／1）.The difference between vitamin Ｂ１２content in. summer and　winter, and
that among the stations were　not　significant. The　ratio　of　particulate　to .dissolved
vitamin Ｂ１２content, P/D ratio （％）･, was fairly high; it ranged from 20.2 t0 400.6％
and exceeded 100％ｉｎ more than half of the samples (mean:　116%). Content of par-
ticulate thiamine was 4.5-26.4 ng/l (mean:　11.5 ng／1）ａｎｄ varied seasonally the same
as ，dissolved thiamine : higher in summer　than in winter. Its P ／ Ｄ ratio （％）ｗａS
Table 4
Vitamins
Tｈｅ ｍｅａｎ ａｎｄ ｉtｓ 95％　ｃｏｎｆｉｄｅｎｃｅ ｉｎtｅｒｎａｌｓ of tｈｅ ｃｏｎｃｅｎtｒａtｉｏｎ ｏ/
diss・ねjed vitamins in£加ωα£er of Hiuchi-Ｎｎｄａ Ｓｅａ（1973）
Date
Vitamin Ｂ12
Thiamine
Biotin
???? ?
?
??
Aug. ３０
Dec. 23
Aug. ３０
Dec. 23
Mean
ng//
-
　4.60
　2.67
129
38.1
14,3
　4.0
＊　Range represents the 95% confidence intervals of the mean.
Table 5
Vitamins
Range *
　ng//
3.46
1.60
5.74
3.74
55.3 －203
　　0 － 91.3
10.2 －　18.4
　2.4 - 5.6
Tｈｅ ｍｅａｎ,　ａｎｄ　itｓ ９５％　ｃｏｎｆｉｄｅｎｃｅ ｉｉｘtｅｒｕalｓ of tｈｅ ｃｏｎｃｅｎtｒａtｉｏｎ ｏｆ ｄｉｓｓolｕｅｄ
ａｎｄ ｐａｒticｕlotｅ ｕitａｍｉｎｓ　in　tｈｅ Ｌｕａtｅｒ of Hiｕｃｈｉ-Ｎａｄａ Ｓｅａ（1975）
Dissolved
　　　ｏ「
Particulate
Vitamin Ｂ12 Dissolved
Particulate
Thiamine Dissolved
Biotin
Particulate
-
Dissolved
Particulate
Date
Aug. 28
Nov. 28
Aug. 28
Nov. 28
-
Aug. 28
Nov. 28
Aug. 28
Nov. 28
-
Aug. 28
Nov. 28
Aug. 28
Nov. 28
Mean
　ng//
-
　3.21
　4.04
　3.45
　3.41
-
317
　61.9
　13.5
　9.48
-
　16.9
　3.73
　1.18
　0.13
＊　Range represents the 95％ｃｏｎｆｉｄｅｎｃｅintervals of the mean
　　Range *
　　　ns/l
　2.63 ―　3.79
　1.54 －　6.54
　2.53 －　4. 37
　1.93 －　4.89
209　－ 425
50.3 － 73.5
10.2 － 16.8
　5.81 － 13.2
11.8 － 22.0
・ 2. 4 ―　5.1
　0.32 －　2. 04
　0.08 －　0. 18
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small, 1.5-37.1% (mean:　11%), thus, particulate thiamine was about one tenth of the
dissolved level. Particulate biotin contained 0, 5.10 ng/Z in the water and was higher
in summer than in winter (mean:　0.66 ng/D. Biotin content in particulate matter
was low, and its content in the water was less than one tenth of the dissolved biotin for
almost all the samples.
　Distribution of the B group vitamins in　sediments　and　other chemical　and　physical
properties of sediments are given in Table ６ and, 7, and　the 95% confidence intervals
of the vitamin contents are shown in Table ８.
Table 8
Vitamins
Tｈｅ ｍｅａｎ ａ几d itｓ ９５％　ｃｏｎｆｉｄｅｎｃｅ ｉｎtｅｒｕalｓ of the ｕitａｍｉｎ　ｃｏｎtｅｎtｓ
in the ｓｅｄｉｍｅｎtｓ Ｏ∫Hiｕcfii-Ｎａｄａ Ｓｅａ
　　　　　　　Date　　　　　　　　Mean　　　　　　　　　　　Range *
Vitamin Ｂ12
Thiamine
Biotin
1973
1975
1973
1975
1973
]975
　37.4
　75.5　’
　34.3
204
　2.59 ・
　1.76
＊　Range represents the 95% confidenc‘ｅintervals of the mean.
20.1
51.8
15.1
131
　2.14
　1.25
- 54.7
- 99.2
- 53.5
-277
- 3.04
2.27
Quality of sediments　The value of IL ranged from 6.0 t0 26.2% (mean: 11.2%), that
of COD ranged from 2.19 t0 3.85 mg/g wet wt. (mean:･ 3.19 mg ／g wet wt. ），and
sulfide content ranged from ０.01 t0 0.54 mg/g wet wt. (mean: 0.10 mg/g wet wt.).
These values were generally larger in the eastern area･than　in　the western area, more-
over they were larger at the inshore stations than at the offshore stations.　Aerobic
heterotrophic bacteria were　distributed from 105 to 頂７ MPN （ｏr ＣＦＵ）／ｇ wet ｗt｡
in the sediments. At the inshore stations, heterotrophs were　usually　abundant :　106－
107 MPN （ＣＦＵ）／g wet wt. From these results the sediments in　the inshore regions
of Hiuchi-Nada Sea were found　to　be considerably　polluted　by　organic　waste　waters｡
Vitamins in sediments The content of vitamin B12in sediments ranged from 8.85 t0 124
ng/g wet wt. (mean: 3.19 ng/g wet wt). Its content was larger in summer than in
winter, and also larger at the inshore stations　than　at　the　offshore stations.　Thia-
mine content ranged from ｏ t0 379 ng/g wet wt. and the range of variation was the widest
in the three vitamins. Seasonal and regional distribution of thiamine in sediments was
similar to that of vitamin B,2. Biotin content in sediments ranged from 1.1 to 4.4
ng/g wet wt. (mean: 2.24 ng/g wet wt.), and itS･variation was the smallest of the three.
Regional distribution of biotin was similar to the other vitamins but its seasonal varia-
tion was not significant.　　　　　　　　　　　　　，　｀
Distribution of Vitamin Ｂ Thiamine, and Biotin in Hiuchi-Nada Sea (NisHijiMA ＩHata) g7
Discussion
　The　present　study　indicates　that　the　DIN　levels　in　the　water　of　Hiuchi-Nada　Sea
were close　to　the　critical　level　that　permits　the　occurrence　of　red　tides　in　coastal
waters :　ｖiｚ･，0.1 mg ／ l for　ＤＩＮグ））　Furthermore, the levels of PO43’ －Ｐ and　COD
were found to be above the critical level （P043’－Ｐ: 15μg/l and ＣＯＤ: l mg／1）19〉
at almost all stations. Dissolved oxygen was hypersaturated near the surface water but
was far from saturation in the bottom waters in summer. Total heterotrophic bacteria
were also abundant in the water. These environmental factors characterize Hiuchi-Nada
Sea to ａ eutrophic water according to Yoshida's definitｉｏｎ.2o）
　The present results reveal　that concentrations of dissolved　vitamin　Ｂ１２ in　the　water
of Hiuchi-Nada Sea are somewhat lower than those of Tokyo Bay (23.2-73.2 ng/ 1），2D
Ise Bay (2.4-29.3 ng／1）72）Ｋａｇｏsｈｉｍａ Bay (0-28.73 ng／1）73）Ｕｒａｎｏｕchi Inlet
(0-56.1 ng/l).　Nomi Inlet （O-45.0ng／1），24）　and Susaki Harbor （1.54-56.0ng／1），24）
but that they are generally similar to those of Sagami Bay (0-14.3 ng/n,リKatagami
Inlet (0.1 －16.1 ng ／ 1），25）Ｏｋａyａｍａ CoastaトRegion (0-9.8 ng／Z）76）Ｆｕkｕyａｍａ
Coastal Region (0.42 －6.43 ng ／ 1），27）　and　Harima-Nada Sea (0-25 ng／1）｡28）Dis~
solved thiamine concentrations　in　Hiuchi-Nada Sea　are also comparable　to　those　in
Tokyo　Ｂａy，21）lｓｅ　Bay. ■"' Ago　Ｂａy。29）ａｎｄ　Hiuchi-Nada　Sea （by　Okaichi），29〉
and　dissolved　biotin　concentrations　are　similar　to　those　of　Sagami　Ｂａy.71）ＣｏｎＳｅ-
quently, these　vitamin contents　in　Hiuchi-Nada　Sea　were　generally close　to　those　in
other coastal waters where red tides frequently occur｡
　Many red　tide　flagellates　require　vitamin　Ｂ１２ and　occasionally　thiamine　for　their
growth.　The critical level 0f each vitamin necessary to maximize their growth･is known
to be 10-20 ng/l for vitamin B1230 －33）ａｎｄabout 200 ng/ l for thiamine. 32）Ｃｏｎｃｅｎ-
trations of dissolved　thiamine　in Hiuchi-Nada Sea　were　found　to　be above　this　level
in summer, 1975 but far below in winter, 1973 and　1975. On the other hand, concentra-
tions of dissolved vitamin Ｂ１２were found　not to reach this level any time during the
year in　1973 and　1975. Consequently, the level of dissolved Vitamin Bi2, not　but　that
of dissolved thiamine, in the water could limit the development of ａ red tide by flagel-
lates in Hiuchi-Nada Sea during summer｡
　Vitamin Ｂ１２was found to occur abundantly in particulate form in eutrophic seawater.
This suggests that　vitamin　Bi2-rich　suspended　organic　solids, e･g･, plankton, detritus,
and organic pollutants, which were widely spreaded　in such regions, could ･serve as an
important source of dissolved vitamin Ｂ１２｡
　The present study indicates that the　B　group vitamins accumulated in　bottom sedi-
ments more abundantly than in the water: about 10,000 fold for vitamin B,2, about 1,000
fold for thiamine, and about　1,000 fold for biotin. Thus, the sediments, in which each
vitamin is abundantly contained, may be an important source of dissolved vitamins in the
water.
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